CONVERSION FACTORS
Factors for converting inch-pound units or other units to metric units (International System) Sea level: In this report, sea level refers to the National Geodetic Vertical Datum of 1929~a geodetic datum derived from a general adjustment of the first-order level nets of both the United States and Canada, formerly called "Mean Sea Level."
INTRODUCTION
The Central Midwest Regional AquiferSystem Analysis (CMRASA) investigated the hydrology of aquifer systems in Cambrian through Cretaceous rocks in all of Kansas and Nebraska and parts of eight other Midwestern States ( fig. 1 ). The overall plan for the analysis is outlined by Jorgensen and Signer (1981) . The CMRASA compiled many types of data from many sources to define the framework, properties, and flow patterns of these aquifer systems. The compilation and handling of the data became a major part of the analysis because the CMRASA study area is extensive ( fig. 1 ), the geohydrologic units span a large part of the geologic column (table 1) , and many aspects of hydrology were investigated. Regional geohydrology is related to physiography and thus is logically described in terms of the Plains and Ozark subregions ( fig. 1 and table 1 ). Detailed information and interpretations from the analysis are presented by Jorgensen and others (in press) and other chapters of U. S. Geological Survey Professional Paper 1414.
Purpose and Scope
The purpose of this report is to describe the data used in the CMRASA analysis. Because of the regional scope of the investigation, the data files generally contain selected representative data. This report does not include the data but describes the types of data used and their sources, distribution, and availability. In addition to site-specific (point) data, areal information such as used for computer-model input is described.
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SITE-SPECIFIC DATA
Several types of data were needed to fulfill the study objectives. The data files contain the information used to define the geologic framework, regional flow patterns, water quality, and fluid-transmitting properties of the geohydrologic units. All the data files contain information that was useful in the formulation and application of three-dimensional numerical flow models of the system. Because the CMRASA data files contain only selected, representative data, they do not include all the data used for preparation of the maps shown in CMRASA interpretative reports (for example, Jorgensen and others, in press ). Some data files include median or aggregate data values or interpretations of the data. The completeness and quality of the data in each data file varies considerably due to several factors. These factors include the availability of data, the accuracy of the data, the many different sources of data, and the range in capabilities and procedures used in compiling these data in each State in the CMRASA study area.
Parts of the hydraulic-head, hydrochemical, and aquifer-property data files are proprietary, and access to them in machine-readable form is limited.
Log Data
Log data provide the information needed to delineate the regional geologic framework in the form of maps of tops and thicknesses of geohydrologic units, maps of percentage of sandstone and shale, and cross sections. Goodquality lithologic and geophysical logs that were considered representative of fairly large areas were selected as members of the data file. Logs were selected at a density of one to three sites per county; the density of data varies from State to State due to differences in approaches used to assemble and evaluate the data. The data are 
Lithologic Logs
There are about 850 lithologic logs in the log data file (fig. 2) . The lithologic logs were compiled from sources listed in table 2 (record positions 58-59). These data are available from the original sources, the U.S. Geological Survey's Ground-Water Site Inventory (GWSI) computer file, and on magnetic tape from the U.S. Geological Survey in Lawrence, Kansas. Formation tops, lithology, location, and other pertinent information from these sites are available from GWSI. These sites are identified in GWSI by the use of components C190 and C191; the components simply indicate the storage position of this information within GWSI. Table 3 shows how these components are used. Selected parts of the data in GWSI are also available in files on magnetic tape. The format of the data available on magnetic tape is shown in table 2. Correspondence between specific geologic units and CMRASA code numbers (table  1) is shown in table 9 at the end of this report.
Geophysical Logs
There are about 750 geophysical logs in the log data file (fig. 3) . The geophysical logs were compiled from sources listed in table 4 (record positions 52-53). The data are available from the original sources and from paper files' stored at U.S. Geological Survey offices in the respective states. These sites are identified in GWSI by the use of components C190 and C191 (table 3) , although formation tops and other pertinent data are not stored in GWSI for all sites. A list of geophysical-log sites is available on magnetic tape from the U.S. Geological Survey in Lawrence, Kansas; the format of this list is shown in table 4. Hutchison, 1975, appendix F) .
96-103
Depth to top of formation or lithology, in feet (blank if log begins below top of formation or lithology).
104-111
Depth to bottom of formation or lithology, in feet (blank if log ends before bottom of formation or lithology).
112-115 U.S. Geological Survey lithologic code (see Baker and Foulk, 1975, p. B62-B66 4 Geophysical-log data-file membership.
5
Water-level data-file membership. Identifies site as including data used for this study. Always coded as: CMRASA.
6-7 Blank
Usually blank, but rarely coded as: 0254.
Hydraulic-Head Data
Hydraulic-head data provide the information needed to define regional flow patterns in the aquifers. Hydraulic-head data consist of both direct measurements of water levels in wells and equivalent freshwater heads from interpretations of drill-stem tests from oil and gas wells (figs. 4 and 5). The density of data varies from zero to many sites per county; the density also varies from state to state due to differences in availability of data and in approaches used to assemble and evaluate the data. The data are from many sources; figures 4 and 5 show the categorized sources.
Measured Water Levels
Most of the water-level measurements are from areas where the geohydrologic unit to which the water level applies is relatively shallow and contains freshwater. These measurements are direct determinations of the static water level at these sites. There are about 1,400 sites with measured water levels in the hydraulic-head data file ( fig. 4 ). The measured water levels were compiled from sources listed in table 5 (record positions 58-59). The data are available from the original sources, GWSI, and on magnetic tape from the U.S. Geological Survey in Lawrence, Kansas. Depth to water, aquifer, location, and other pertinent information from these sites are available in GWSI. These sites are identified in GWSI by the use lof components C190 and C191 (table 3). The format of the selected parts of the data in GWSI that are available on magnetic tape is shown in table 5.
Equivalent Freshwater Heads
Equivalent freshwater heads are calculated from drill-stem-test results obtained from oil-or gas-exploration holes drilled to relatively great depths in the study area. The static reservoir pressure was estimated by pressure-time data extrapolation or was assumed to be approximately equal to the reported shut-in pressure. The equivalent freshwater head was computed from this pressure, estimated fluid viscosity, and reported or estimated reservoir temperature. The quality of the equivalent freshwater-head data varies considerably because the number of sites was not restricted to a small number of sites per county. There are about 2,600 values of equivalent freshwater head; some values refer to different geohydrologic units at the same site. The distribution of sites is shown in figure 5 . These reservoir-parameter data were compiled from the sources listed in table 6 (record positions 36-37). The data are available from the original sources or on magnetic tape from the U.S. Geological Survey in Lawrence, Kansas. The format of the data available on magnetic tape is shown in table 6. 
Hydrochemical Data
Hydrochemical data provide information needed to map spatial trends in water chemistry, help interpret regional flow systems, and define areas of suitability (or unsuitability) for use. The quality of the analyses in the hydrochemical data hie varies considerably and is dependent on the source and original use of the data. In general, analyses pertaining to relatively deep oil or gas holes are less likely to be as complete or reliable as those pertaining to relatively shallow water wells. The sources of the hydrochemical data are: the National Water Data Storage and Retrieval System (WATSTORE) water-quality file (U.S. Geological Survey, 1983); the Kansas Geological Survey; the National Uranium Resources Evaluation (U.S. Department of Energy, Grand Junction, Colorado); and the Petroleum Data System (University of Oklahoma, Norman). Data from the last source are proprietary. THe density of hydrochemical data also varies considerably from nonexistence in some areas to extremely dense in others, especially in areas with intense oil and gas development. Because of this variability in quality and density of the hydrochemical data, and because of spatial water-quality variations, Latitude in degrees, minutes, and seconds (ddmmss). All latitudes are north.
7-13
Longitude in degrees, minutes, and seconds (dddmmss). All longitudes are west.
14-16 Blank

17-18
State and district code (see U.S. Department of Commerce, 1979).
19-21
County code (see U.S. Department of Commerce, 1979).
22-24 Blank
25-44
Local number: identifies location of well in system used locally; system is unique to each state.
45-47 Blank 48
Principal use of site or purpose for which the site was constructed (Baker and Foulk, 1975, p. B23.1-B25) .
49 Blank 50 Principal use of water from the site (Baker and Foulk, 1975, p. B25-B28) . data-file members were chosen as those waterquality analyses with the median concentration of dissolved solids (or chloride) within each 5-minute quadrangle of latitude and longitude in the study area for each major geohydrologic unit.
There are about 2,900 water-quality analyses in the hydrochemical data file; figure 6 shows their distribution and categorized sources of the data-file members. The hydrochemical data are available from the original sources, on magnetic tape from the U.S. Geological Survey in Lawrence, Kansas, or from U.S. Geological Survey Professional Paper 1414-D now in preparation (C.H. Baker, Jr., U.S. Geological Survey, written commun., 1988). The format of the data available on magnetic tape is shown in table 7.
Aquifer-Property Data
Aquifer-property data provide quantitative information on transmissive and storage properties of the geohydrologic units. Estimates of transmissivity can be made from pumping tests and specific-capacity tests conducted on water wells, especially large-capacity wells. Pumping tests also yield estimates of storage coefficient. Reservoir-parameter data, as used herein, are derived from drill-stem tests and core-sample analyses. Drill-stem tests can provide an estimate of the permeability factor (intrinsic permeability divided by viscosity of fluid), and core-sample analyses provide an estimate of intrinsic permeability; hydraulic conductivity then can be estimated from these reslults. In general, pumping and specific- 
76-83
Total depth of hole, in feet.
84
Principal use of water from the site (Baker and Foulk, 1975, p. B25-B28) .
85
Principal use of the site or the purpose for which the site was constructed (Baker and Foulk, 1975, p Hutchison, 1975, appendix F) .
98
Importance of geologic unit as a source of water to the well: Hutchison, 1975, appendix F) .
59-63
Altitude of land surface, in feet. Depth to top of tested interval, in feet.
70-75
Depth to bottom of tested interval, in feet.
76-80
Pressure, in pounds per square inch (graphically extrapolated according to conventional drill-stem-test analysis methods, or the reported shut-in pressur^).
81-86
Altitude of pressure-recording gage, ih feet, or the top of tested interval if gage location unknown.
87-96
Permeability factor (ratio of intrinsic permeability to viscosity), in millidarcies per centipoise.
97-102
Viscosity of fluid, in centipoise.
103-106
Reservoir temperature, in degrees Celsius.
107-115
Intrinsic permeability, in millidarcies.
116-122
Altitude of equivalent freshwater head, in feet, corrected for temperature and density of formation water.
123-131
Hydraulic conductivity (horizontal), ib feet per day.
capacity tests are from relatively shallow water wells, whereas reservoir-parameter data are from relatively deep oil-and-gas wells.
Water-well data are limited; most were transferred directly from the literature to work maps and were not stored in computerized form. Transmissivity, storage coefficient, formation tested, location, and other pertinent information from some of the pumping and specific-capacity tests are available in GWSI; these sites are identified in GWSI by the use of components C190andC191(table3).
Reservoir-parameter data were compiled from sources listed in table 6 (record positions 36-37). The number of data sites per county was not restricted. There are about 1,050 aquiferproperty values from oil-and gas-well data ( fig.  7 ). These data are available from the original sources or on magnetic tape from the U.S. Geological Survey in Lawrence, Kansas. The format of the data available on magnetic tape is shown in table 6.
AREAL INFORMATION
Areal information described herein consists of nonpoint data that are considered representative of an area. Most of this information was developed for use as input to a computer flow model. Fluid-withdrawal data are discussed separately because tjiese data were compiled only for use within the CMRASA study. 
1
Card type H = header card (uniquely identifies site), N = name card (name of well and formation tested), 2 = sample-analysis information.
2-16
Site-identification number; unique number for each site, which usually corresponds to latitude and longitude. Appears on each H, N, and type-2 card.
Hoards only.
17-22
Latitude in degrees, minutes, and seconds (ddmmss). All latitudes are north.
23-29
30-31
Sequence number (01 for the first well at any location; subsequent wells at the same location are assigned larger numbers).
32-35
36-38
39-40
Site type; GW = ground water. 
41-80 Blank
17-36
Local number: identifies location of well in system used locally; system is unique to each state. 
37-38
41-64 Blank
65-72 U.S. Geological Survey geologic unit code (see Hutchison, 1975 , appendix F).
73-80 Blank
Type-2 cards only.
17-22
Date of sample in order of year, month, and day (yymmdd).
23-26
Time of sample in 24-hour-time notation.
27-32 Blank
33-37
Parameter code of analyzed constituent (see Hutchison, 1975 , appendix D). 
45-49
Parameter code of analyzed constituent (see Hutchison, 1975, appendix D) .
50-55
Value of analyzed constituent; reported as a decimal fraction (record positions 50-53) multiplied by a power of 10 (exponent in record positions 54-55).
56
Remarks code (see U.S. Geological Survey, 1983, p. A14-A15).
57-61
Parameter code of analyzed constituent (see Hutchison, 1975 , appendix D).
62-67
Value of analyzed constituent; reported as a decimal fraction (record positions 62-65) multiplied by a power of 10 (exponent in record positions 66-67).
68
69-73
74-79
Value of analyzed constituent; reported as a decimal fraction (record positions 74-77) multiplied by a power of 10 (exponent in record positions 78-79). 
Model Data
Application of a three-dimensional numerical model aided in the definition of steady-state ground-water flow patterns and rates. The finite-difference model of McDonald and Harbaugh (1984) Input to the model includes several geohydrologic characteristics. Three types of areally distributed data are described herein--hydraulic head, transmissivity, and vertical leakance., Most other types of data used by the model describe boundary conditions (such as water-table or stream altitudes) rather than attributes of the geohydrologic units themselves. Proper descriptions of these data require detailed explanation of the hydrology and modeling procedures, which are included in U.S. Geological Survey Professional Paper 1414-C now in preparation (D.C. Signor, U.S. Geological Survey, written commun., 1988).
In general, the distribution of each geohydrologic characteristic was first mapped on the basis of site-specific data or some assumed regional relationship. Computer processes then were used to digitize contours and grid the data to transform the information to an array format usable by the model. These model-input data are available on magnetic tape from the U.S. Geological Survey in Lawrence, Kansas. The files are listed in the order discussed herein (hydraulic head, transmissivity, vertical leakance) and the data are in FORTRAN format (6X, 10G12.5). Within each file, the order of the arrays is always from top (layer 1) to bottom. Hydraulic-head and transmissivity data refer to each of the five layers, listed from top to bottom. Vertical-leakance data consist of four arrays, the first referring to connection between layers 1 and 2, the next between layers 2 and 3, and so forth. Within each array, data corresponding to columns of the model grid are aligned horizontally in the file; data corresponding to rows of the model grid are aligned vertically in the file.
Data are stored in consistent units of length, in feet, and time, in seconds. Zero values in data arrays generally denote inactive model cells that represent areas either beyond the modeled area or where the particular geohydrologic unit is absent (an exception to this is described under "Vertical Leakance"). In light of this and other qualifications pertaining to the model data, these data are used properly only in conjunction with interpretive CMRASA reports that describe the natural system and model analyses in detail. Brief descriptions of the available data arrays follow.
Hydraulic Head
Initial (predevelopment) hydraulic head, expressed in feet above sea level, provides starting conditions for the model simulation. However, it is included here primarily because it was also the hydraulic-head distribution generally mapped from field data. Because much of the system contains saltwater of variable density, hydraulic heads have been adjusted to represent equivalent freshwater heads. In many areas, conditions in the aquifers have been altered locally by oil-and gas-development activities, and initial hydraulic-head distributions have been inferred.
Transmissivity
Transmissivity, in feet squared per second, was determined by multiplying appropriate unit thickness by hydraulic conductivity. Thickness was mapped based on lithologic-and geophysical-log interpretation. Hydraulic conductivity was estimated based on an empirically derived relationship between Leakance sal leakance, in seconds-1 , is a term that the rate of simulated vertical flow model layers. It generally was intrinsic permeability, porosity, and cementation factor (Jorgensen, in press ). The calculation of hydraulic conductivity included adjustments for the effects of salinity and temperature variations throughout the study area.
Vertical
Verti controls between computed as either: (1) estimated vertical hydraulic conductivity of a discrete confining unit between two aquifer units divided by its thickness, or (2) a term that involves weighted values of vertical hydraulic conductivity and thickness of two vertically adjacent units. Where units are absent in the subsurface within the study area, nonzero values were assigned to maintain vertical continuity. Also, where extensive and thick evaporites prevail near the top of layer 3, vertical connection between layers 2 and 3 was assumed to be negligible, and leakance Was set equal to zero in the appropriate model cells.
Thickness data were based on log interpretation. Vertical hydraulic-conductivity values were assumed to be certain fractions of estimated horizontal hydraulic conductivity; the fraction assigned was dependent on the lithologic character of the unit.
Fluid-Withdrawal Data
Fluids-withdrawal data provide estimates of withdrawal rates of freshwater, oil and gas, and saltwater produced with the oil and gas. These withdrawal rates are used in the flow-model analysis and quantification of the regional system. Fluid-withdrawal data were compiled from many State, Federal, and private sources and generally .are of poor-to-fair quality because the compilation necessitated various assumptions and approximations. These data were compiled areally by county, vertically by geohydro ogic unit, and temporally by decade. Fluid-wit idrawal data were necessary for study purposes, but they are not necessarily considered suitable ior other uses; therefore, they are not available in computerized form.
MAGNETIC TAPE
Data files described herein that are stored on magnetic tape are available on request from the U.S. Geological Survey in Lawrence, Kansas. Tho characteristics of each nonproprietary file stored on magnetic tape are described in table 8. These files can be copied onto magnetic tape in various densities and formats depending on the needs of the requestor. At this time (1989), the densities available are 1,600 and 6,250 bytes per inch on nine-track tape. The formats available are MAGSAV, ASCII, EBCDIC, BCD, or eightbit BINARY. The maximum physical block size must be less than or equal to 10,000 characters. To obtain a copy of the files on magnetic tape, contact the U.S. Geological Survey office at 4821 Quail Crest Place, Lawrence, KS 66049 [telephone (913) 842-9909] and request the particular files to be copied onto a magnetic tape. The requestor will be charged for the cost of the tape and the labor involved in making the tape (about $25.00 in 1989).
SUMMARY
Several types of geologic and hydrologic data were collected and compiled as a part of the Central Midwest Regional Aquifer-System Analysis. The study described the hydrology of Cambrian through Cretaceous rocks in all of Kansas and Nebraska and parts of eight other states. Information from both water'wells and petroleum wells was obtained from numerous State, Federal, and private sources. The completeness, quality, and distribution of the data varies considerably. Most data files contain data selected to represent the regional scope of the study.
The log data file contains about 850 lithologic logs and about 750 geophysical logs. The hydraulic-head data file contains about The hydrochemical data file contains about 2,900 water-quality analyses. The aquifer-property data file contains about 1,050 values. In addition to site-specific data, areal information in the form of model-data arrays is available for initial hydraulic head, transmissivity, and vertical leakance. These data describe the major geohydrologic units studied in terms of a threedimensional grid, 28 rows x 33 columns x 5 layers.
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